The finite element has been used to develop two numerical methods of calculating the flow characteristics of rigid networks of planar fractures. One method uses triangular elements to investigate details of laminar flow in fractures of irregular cross section combined with that of a permeable rock matrix. The other method uses line elements and is designed only for flow in networks of planar fractures in an impermeable matrix. As an example of the application of the finite element approach the line element method was used to develop a series of dimensionless graphs that characterize seepage in idealized fracture systems beneath dams. These methods treat two-dimensional flow in the laminar regime for networks of fractures of arbitrary orientation and aperture distribution.
The purpose of this work is to describe a generalized enumerative method of handling steady state flow in fractured systems and to develop an understanding of some of the characteristics of such flow by considering several examples. This discussion is taken from a much more comprehensive investigation by Wilson and Witherspoon [1970] , who have developed finite element programs in which fractures are introduced as parallel plate conduits with reasonably planar walls. Failure surfaces that may have a variable aperture but still tend to be planar can be treated by this m•thod, but the highly irregular cavities often associated with carbonate and lava rock cannot be modeled by this approach.
MATHEMATICAL MODELS
Two mathematical models for steady state flow in fractured media have been developed [Wilson and Witherspoon, 1970] by using the finite element methods that have been described by Witherspoon et al. [1968] . These models have been used to solve two-dimensional laminar flow problems for some arbitrary fractured systems that will be presented below, The decision to restrict these models to two dimensions was based on the necessity of obtaining initial results that could be rapidly verified by independent calculatibns and experimenta' tion. The methods employed, however, are not restricted to two-dimensional analyses. A brief outline of the theoretical development of these models is presented in the appendix. To apply these models in the field, data on such important parameters as fracture aperture, spacing, and orientation are necessary. We recognize that in general this kind of information is little known because of inherent difficulties with the required field measurements. Heretofore of course there has been no practical way of incorporating such details into a comprehensive analysis. The power of the enumerative approach has, however, begun to stimulate more effort to perfect in situ measurements. Louis and Perrot [1972] , for example, have recently described the methods that they used in defining a complex fracture system associated with a damsite. The varying aperture b is now expressed as a function of path length I along the fracture, where L is the total path length.
This derivation assumes that locally, the hydraulic conductivity will be essentially the same as that for parallel plates of the same local aperture and will not hold in those cases in which apertures change abruptly along the length of the fracture.
As an example, results from (2) will be compared to a com- 
